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Desorption Characteristics of Isopropanol (IPA) and 
Moisture from IPA Vapor Dried Silicon Wafers 
Abstract-In order to estimate the cleanliness of wafer surfaces 
cleaned and dried with various procedures, the outgassing from these 
wafer surfaces was successfully analyzed by highly sensitive atmo- 
spheric pressure ionization mass spectrometry (APIMS). In particular, 
the desorption of isopropanol (IPA) and moisture from wafers after 
IPA vapor drying was investigated by means of introducing the de- 
sorbed gases from wafer surfaces into APIMS. It is shown that de- 
sorbed trace impurities, the amounts of which are as small as 1/10 of 
a monomolecular layer of adsorption, were qualitatively and quanti- 
tatively detectable under these experimental conditions. As a result, it 
was confirmed that the desorption behavior is influenced by the surface 
condition of the wafers, caused by the wet chemical processes and the 
drying methods. 
I. INTRODUCTION 
ITH THE reduction of minimum dimensions of 
ULSI devices, ultrahigh quality of cleanliness is in- 
dispensable for submicron ULSI fabrication to maintain 
or improve yield and reliability. In particular, cleanliness 
of wafer surfaces is of paramount importance to realize 
low-temperature reaction processes, high selectivity in 
processes, and damage-free processes. In order to elimi- 
nate surface contaminants such as alkali metals, heavy 
metals, and organic compounds from wafer surfaces and 
to maintain high surface cleanliness, wafers are subjected 
to a number of wafer cleaning cycles in the fabrication 
sequence of integrated circuits [ 13, [2]. Such cleaning is 
performed by using several kinds of ultrahigh purity 
chemicals and ultrapure water. Furthermore, wafers are 
always dried after rinsing to remove water from the wafer 
surfaces. Recently, a vapor drying technique using iso- 
propanol (IPA) has attracted attention, since the surface 
cleanliness after this drying technique is superior to that 
of other drying techniques such as spin drying and rinser 
drying. 
The vapor drying technique using IPA is excellent for 
obtaining particle-free wafer surfaces [3], [4]. However, 
no information on organic molecular contaminants caused 
by the adsorbed molecules on wafer surfaces during wet 
chemical processing has been reported, because of the 
poor detection limit of the analytical equipment available 
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at present. The analysis and evaluation of trace molecular 
contaminants on wafer surfaces has usually been per- 
formed using surface analysis equipment such as SIMS, 
ESCA, AES, etc. However, it is almost impossible for 
such analytical equipment to obtain precise information 
on these trace impurities. In addition, because it is ex- 
tremely difficult to combine analytical equipment with 
wafer processing equipment, dynamic changes during 
processing cannot be easily detected. 
The purpose of this paper is to present the analytical 
results of adsorbed molecules on a silicon wafer. In order 
to estimate microcontamination after wet chemical pro- 
cessing, the surface analysis is performed by measuring 
desorbed gases from the wafer surface with an atmo- 
spheric pressure ionization mass spectrometry (APIMS), 
which exhibits excellent sensitivity (1 ppb to below 0.01 
ppb). The APIMS is not only highly sensitive, but also it 
is able to detect impurities continuously, and hence dy- 
namic changes of trace impurity content in process gas 
can be monitored with high resolution. Details of APIMS 
equipment used were the same as reported by Mitsui [5]. 
In this article, investigation results on desorption of hy- 
drocarbon and moisture from wafer surfaces after chem- 
ical processes using the APIMS analyzer will be reported. 
It has been confirmed experimentally that adsorbed im- 
purity molecules in addition to organic contaminants, me- 
tallic contaminants, and native oxide, degrade high qual- 
ity processes [6]. 
11. EXPERIMENTAL 
In order to investigate the desorption of impurity mol- 
ecules from wafer surfaces by heating in an ultraclean car- 
rier gas environment, the desorbed gases from the wafer 
surfaces were transported with the carrier gas and intro- 
duced into the ion source of the APIMS analyzer. Fig. 1 
shows a schematic diagram of the experimental apparatus. 
It consists of a gas supply system, a heating chamber 
which has metal fittings, a sheath heater, and analytical 
equipment (APIMS). In order to achieve a reliable anal- 
ysis of trace impurities desorbed from wafer surfaces, the 
whole tubing system was constructed using the concept of 
ultraclean technologies [7]. The heating chamber has a 
diameter of 3 /4  in and its length is 200 mm. The inside 
surfaces of the tubing and the chamber were all electro- 
polished and they had surface roughness of (Rmax) less 
than 0.5 pm. The inside surface area is designed to be so 
small that the amount of impurities adsorbing on its sur- 
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Fig. 1. Schematic diagram of experimental apparatus 
E 
face becomes very small. To decrease any external leak- 
age, tubing was connected with either butt welding or 
metal fittings which have a very low external leakage. The 
external leakage of this system is reduced to less than 2 
X lo-'' atmcc/s. Therefore, this tubing system can sup- 
ply a highly purified carrier gas to APIMS without exter- 
nal leakage and outgassing. 
The temperature of the chamber was raised to 400°C 
using a sheath heater and was controlled by a controller 
with a thermocouple. The tubing which connects the heat- 
ing chamber and the APIMS analyzer was kept at 425°C 
throughout the experiments, in order to prevent the ad- 
sorption of desorbed gases from the sample on the inside 
surface of the tubing. Before starting the experiment, the 
tubing between the chamber and the APIMS was ther- 
mally purified by flowing a carrier gas until no impurities 
are detected by the APIMS. Highly purified argon gas was 
used as a carrier. The concentrations of H20,  02, CO2, 
and hydrocarbon in the carrier gas were purified to 4 ppb, 
0.5 ppb, less than 0.1 ppb, and less than 0.1 ppb, respec- 
tively. 
Table I shows the properties of the wafers used for this 
experiment. Test wafer samples were obtained by cutting 
125-mm-diameter silicon wafers into strips of 10-mm 
width using a dicing saw. Fifteen strips were used for each 
test. Prior to setting up, the wafers were chemically 
cleaned and dried. The sample wafers were prepared by 
changing the cleaning and drying methods shown in Fig. 
2, which shows a block diagram of the wet chemical pro- 
cessing used for this experiment. 
Before inserting the sample into the chamber, to pre- 
vent an intrusion of air into the experimental system, the 
flow rate of a carrier gas increased to 10 liter/min and 
the carrier gas was blown out from both sides of opened 
fittings. The sample wafers after drying were put into the 
chamber within 5 min. After closing the fittings, the car- 
rier gas was fed to the chamber at the flow rate of 1.2 
liter/min for 30 min to purge air from the system. Before 
heating, the flow rate of carrier gas reduced to 0.4 li- 
ter/min to increase the concentration of the desorbed 
gases. After that, the temperature of the chamber in- 
creased according to the heating diagram shown in Fig. 
3.  The zero point of time in this figure is started when the 
fitting was closed. 
The concentrations of IPA and moisture in a highly pur- 
ified gas were estimated with the calibration curves that 
were reported by Mitsui et al. [8]. 



















Fig. 2 .  Diagram of wafer cleaning and drying. 












Fig. 3.  Heating diagram of the chamber. 
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111. RESULTS AND DISCUSSION 
A. IdentiJcation of Trace IPA 
Qualitative and quantitative analyses of trace IPA in ar- 
gon gas have not been reported. In APIMS, organic com- 
pounds have a possibility of decomposing to several frag- 
ments due to collision among ions. Therefore, in order to 
investigate the desorption of IPA from the wafer surfaces 
after IPA vapor drying, it is very important to identify the 
ion species corresponding to IPA. In the first stage, an 
investigation identifying the ions that correspond to IPA 
was conducted. An IPA drop was introduced into the 
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chamber, and API mass spectra were measured every sev- 
eral minutes. 
API mass spectra are shown for four different time 
lapses after starting to flow carrier gas in Fig. 4, where 
temperature of the chamber was kept at room temperature 
(23°C) and the flow rate of the carrier gas was 1.2 li- 
ter/min. API mass spectra showed drastic change with 
time as shown in this figure. The ions of mass number 
(m/z )  15, 18, 40, 43, 59, and 80 correspond to CH:, 
H20+ ,  Ar' , C3H7, C3H70+, and Ar; , respectively. In 
the initial stage, ions of CH: , C3H7, and C3H70+ showed 
large intensities and those of Ar+ and Ar; were not ob- 
served at all in the spectrum. Since the ionization poten- 
tials of Ar and IPA are estimated to be 15.76 eV and 9.72 
eV, respectively [9], all charges of Ar' and Ar2f were 
transferred to IPA molecules and these fragments pro- 
duced through ion-molecule reaction. Consequently, the 
peaks of Ar' and Ar l  disappeared when a high concen- 
tration of IPA molecules exists in the carrier gas. The in- 
tensities of ions that originated from IPA rapidly went 
down with time, and finally the peaks of argon, i.e., Ar+ 
and Ar l  , became main peaks instead. From the measure- 
ment of four API mass spectra shown in Fig. 4, it is ev- 
ident that the major ion species originated from IPA were 
CH:, C3H:, and C3H70+, which were generated by the 
decomposition of C3H70H.H+ (m/z  61), in the collision 
chamber of the APIMS analyzer. It is revealed that these 
fragment patterns rapidly and dramatically changed with 
time and IPA concentration. 
Heating tests using dried wafers were performed to 
identify desorbed IPA. In this test, ion intensity for in- 
creasing temperature were examined for each ion. Time 
variation of ion intensity having mass number of m/z  = 
15, 43, and 59 are shown for the heating diagrams in Fig. 
5 to 7, respectively. To identify the representative frag- 
ment of IPA, tests were carried out using wafers treated 
with two different drying methods. They were IPA vapor 
drying and N2 blow drying. The same experiment without 
wafers was performed as a reference. Before drying, the 
wafers were cleaned with a H2S04-H202 solution. 
For an identification of ion species which represent the 
IPA from wafer surface, the following classifications were 
established: 
1) an ion that is organic compound; 
2) an ion that increases intensity with increasing tem- 
perature; 
3) an ion that shows obvious differences in intensity 
between the released amounts from the IPA vapor 
dried wafer surfaces and that from the N2 blow dried 
one. 
Fig. 5 shows the change in ion intensity of the fragment 
of m/z = 15 with time. The intensity of fragment ion 
from the IPA vapor dried sample is a few times as much 
as that from the N2 blow dried sample. However, the ion 
intensities were almost independent of the wafer temper- 
ature. The ion current of m/z = 15 is always less than 
1.5 X lo-'' A even after heating, and is nearly equal to 
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Fig. 4 .  Time dependence of API spectra when IPA liquid is dropped into 
the chamber: (a) after 4 min, (b) after 6 min, (c) after 7 min, (d) after 
10 min. 
the background level of this equipment. These peaks are 
negligibly small. 
Fig. 6 shows the ion intensity change with time for an 
ion of m/z  = 43. The temperature dependence of the ion 
intensity was clearly observed only for the IPA vapor dried 
wafer. The ion intensity of m/z  = 43 from the IPA vapor 
dried sample rapidly increased as soon as the sample wafer 
was heated, but its value rapidly went down to the initial 
level. This behavior was not observed for the N2 blow 
dried sample and the reference sample. The ion intensity 
difference between the IPA vapor drying and others is also 
evident. 
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Fig. 5 .  Ion intensity change of mass 15 with time. 
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Fig. 6 .  Ion intensity change of mass 43 with time. 
The ion intensity change of an ion of m/z = 59 is 
shown in Fig. 7. It seems that the ion intensity of the IPA 
vapor dried sample depends slightly on the wafer temper- 
ature. But this intensity is very low (less than 1.5 x lo-'' 
A),  compared with that of m/z = 43. 
Judging from these results with reference to the previ- 
ously defined classifications, the ion of m/z = 43 is con- 
sidered to be a representative species of IPA. 
To assume that the fragment of m/z = 43 is that of 
IPA from an IPA vapor dried wafer, an additional test was 
performed. Wafer samples were vapor dried using ace- 
tone or ethanol instead of IPA, and they were tested in 
the same method. The desorption of fragment of m/z = 
43 was monitored, as shown in Fig. 8.  Ion intensity of 
m/z = 43 was not observed from these samples dried in 
an environment of ethanol and acetone. This shows the 
ion of m/z = 43 is a fragment of IPA. 
As a result, it is concluded that trace amount of IPA in 
this system can be successfully detected by monitoring 
the ion of m/z = 43, which is considered to be C3H:. 
Z 
0 
TIME ( M I N . )  
3 
Fig. 7. Ion intensity change of mass 59 with time. 
1.61 , 
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Fig. 8. Influence of solvents used for vapor drying on ion intensity of mass 
43. 
B. Desorption Characteristics of IPA From Wafer 
Surface 
The analytical technique described above has been ap- 
plied to estimate the IPA concentration in a highly puri- 
fied argon gas. A quantitative determination technique 
using APIMS for impurities such as H20, CO2, 02, and 
organic compounds in inert gases has been established 
[ 101. The IPA concentration in this system was estimated 
with the calibration curve method described in the litera- 
ture [8]. According to this calibration curve, the IPA con- 
centration of the highest peak shown in Fig. 8 was cal- 
culated to be 20 ppb. 
The desorption characteristics of IPA from the silicon 
surface after IPA vapor drying were investigated by 
changing the surface conditions, the cleaning procedures, 
and the drying methods. The amount of desorbed IPA 
molecules was determined by integrating the product of 
IPA concentration and gas flow rate. 
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Fig. 9. Influence of surface conditions on desorption amount of IPA from 
wafer surfaces. 
1. Influence of Surface Conditions on Desorbed IPA 
Amount: Fig. 9 shows the relation between the desorbed 
amount of IPA and the wafer temperature for bare silicon 
surface (broken lines) and silicon dioxide surface (solid 
lines). Desorption amounts of IPA were integrated at 
every temperature, and accumulated amounts were plot- 
ted with temperature for each type of wafer samples with 
and without oxide films. The desorbed amount of IPA 
from wafers with oxide film increases proportionally to 
the wafer temperature, and the value at 400°C is 1.8-4.3 
X low7 liter. In the case of wafers with bare silicon sur- 
faces, the desorbed amounts increase with temperature and 
remarkably increase when heated up to 300°C. The de- 
sorbed amount of IPA from the silicon dioxide surface 
during heating up to 400°C is larger than that from the 
bare silicon surface. 
From an Arrhenius plot of this data, the activation en- 
ergy for desorption from the silicon dioxide surface was 
calculated as about 2 kcal/mol (0.087 eV) for wafer 
“E,” which has the largest amount of desorption in this 
experiment. For the bare silicon surface, it was calculated 
at about 8 kcal/mol (0.035 eV) for the temperature re- 
gion 200” to 300°C. These values are smaller than values 
of the activation energy of chemisorption. Therefore, 
these values suggest that physically adsorbed IPA is de- 
sorbed in this temperature range. 
2. Influence of Drying Methods: Fig. 10 shows the 
difference of the IPA desorption amount with the drying 
method. The desorbed amount of IPA from all kinds of 
IPA vapor dried wafers is larger than that from N2 blow 
dried wafers. 
By assuming that a monolayer of adsorption occurred 
on wafer surfaces, the ratio of IPA desorption can be cal- 
culated using the data shown in Fig. 10 and Table I. For 
wafer “E,” employing 3.47 X cm2 as a molecule 
cross section of IPA [ 113, and 387 cm2 as total surface 
area of the sample wafer. The total number of molecules 
for a monolayer adsorbing on this sample surface N is 
calculated as follows: 
N = 387/(3.47 x 10-15) = 1.12 x lOI7  molecules. 
5or I 
WAFER DRY I NG METHOD 
-3 IPA 
-0- NzBLOW 
TEMPERATURE (“C ) 
Fig. 10. Influence of drying methods on desorption amount of IPA from 
wafer surfaces. 
The total number of molecules desorbed from the sam- 
ple surface heated up to 400°C n is calculated as follows: 
n = (4.3 x 10-7/22.4) X 6 X 
= 1.15 x 10l6 molecules. 
Consequently, the IPA desorption ratio = ( n / N )  is 
calculated as follows: 
n / N  = 1.15 x 1016/1.12 X = 0.10. 
An amount of IPA corresponding to 10 percent of a 
monolayer adsorption was desorbed from the wafer sur- 
face when heated up to 400°C. This indicates that most 
adsorbed IPA molecules still remained on the wafer sur- 
face. Hence, once the IPA is adsorbed on the cleaned 
wafer surface, it is difficult to totally eliminate the ad- 
sorbed IPA molecules by heating up to 400°C. 
3. Influence of Cleaning Procedures: The dependence 
of the integrated desorption amount of IPA from the wafer 
surfaces on the cleaning method is shown in Figs. 11 and 
12. In Fig. 11, wafer samples were treated with either a 
H2S04-H202 solution or an RCA cleaning without a di- 
lute-HF treatment. The desorption amount of IPA from 
the sample of native oxide film cleaned with a H2S04- 
H202 solution is remarkably larger than that treated with 
an RCA cleaning. In Fig. 12, the dilute-HF treatment was 
introduced after these two cleaning procedures. In this 
case, the amount of IPA desorption was observed to be at 
the same level for these two cleaning procedures. 
The desorption amount of IPA from wafers that have 
native oxide on the surfaces is strongly influenced by the 
chemical solutions which were used for cleaning. How- 
ever, this phenomenon is not observed for silicon wafers 
when the native oxide film was removed using a HF so- 
lution. The desorption characteristics of IPA from bare 
silicon surfaces were independent of the cleaning meth- 
ods. These results indicate an important fact; that is, the 
property of a native oxide obviously differs with the 
cleaning method. Lampert reported that the etching rate 
of a native oxide formed during various chemical cleaning 
procedures depended on the cleaning method rather than 
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Fig. 11. Influence of cleaning methods on desorption amount of IPA from 
wafer surfaces. 
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Fig. 12. Desorption amount of IPA from silicon surface after HF etching. 
the film thickness [ 121. Different chemical solutions for 
cleaning produce native oxides having different properties 
to give different influences on the desorption amount of 
IPA. 
C. Desorption Characteristics of Moisture From Wafer 
Surface 
Fig. 13 shows one example of moisture desorption be- 
havior for wafers dried with different drying methods. The 
desorption behavior of moisture which has a large peak 
just after heating is quite similar to those of IPA described 
above. The amount of desorbed moisture from the IPA 
vapor dried wafers is slightly larger than that from N2- 
blow dried wafers. 
Fig. 14 shows the relation between integrated desorp- 
tion amounts of moisture and the wafer temperature. 
These wafers were cleaned with a H2S04-H202 solution 
before drying. Whichever drying procedure is employed, 
desorption amounts increase proportionally with the in- 
creasing wafer temperature. The desorption value of water 
is about 4.0 X liter at 400°C and this value is ap- 
proximately ten times larger than that of IPA desorption 
as shown in Fig. 9. The desorption ratio of moisture was 
calculated by employing 7.4 x cm2 as a molecule 
WAFER : 8 -50  
: IPA DRY 
+:N2 BLOW 
40 80 120 1 
TIME (MIN.) 
0 
Fig. 13. Water concentration change with time for changing drying 
methods 
n 
e: IPA DRY 
U : NO WAFER 
* :  N? BLOW 
100 2f TEMPERATURE 200 300 ( " C  400 I 
30 
Fig. 14. Influence of drying methods on desorption amount of water from 
wafer surfaces. 
cross section of H 2 0  [ l  11 and 383 cm2 as total surface 
area of the sample wafer: 
Water desorption ratio 
= (4.0 X 1OP6/22.4) x 6 X 
(383/7.4 x 10-l6) = 0.21. 
Accordingly, about 2 1 percent of monomolecular layer 
of moisture was desorbed by heating up to 400°C. It is 
concluded that it is very difficult for any drying technique 
applicable at present to remove adsorbed moisture mole- 
cules from the cleaned wafer surfaces. These molecules 
of moisture cannot be totally eliminated by heating up to 
400°C. 
D. Adsorption of Impurity in the Clean Room Air on 
Wafer Surface 
In this experiment, the dried wafers were exposed to air 
for about 5 min during transportation from a wet station 
to the analyzer. In order to clarify the adsorbed species 
and to estimate the adsorption amount of impurities in air 
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Fig. 15. API spectra of clean room air. 
on wafer surfaces, APIMS analysis of clean room air was 
performed. 
Fig. 15 shows an example of API mass spectra of clean 
room air. These mass spectra were measured for different 
analytical sensitivities, which were increased by a factor 
of 1, 10, 100, respectively. Many ion species were ob- 
served in these figures. Most of these ion species in these 
spectra were identified as moisture (the ion of m/z = 19, 
37, 55, 73, 91, 109), ammonia (m/z  = 18, 36, * * )  
and acetone (m/z  = 59). Fragments or molecules of IPA 
(m/z  = 43, 61) were not observed. The concentration 
of acetone was calculated to be about 8 ppb. 
The wafers, baked at 400°C for 10 h in an ultraclean 
argon gas environment and cooled in the chamber, were 
taken out and exposed to clean room air for 5 min. These 
wafers were then immediately set into the chamber again 
for analysis. Fig. 16 shows moisture level variation for 
the heating diagram. Time variation of IPA desorption 
(ion intensity of m/z = 43) is plotted for the heating 
diagram in Fig. 17. It is obvious from these figures that 
moisture molecules immediately adsorb on the wafer sur- 
face from clean room air, but adsorption of IPA from clean 
room air is negligibly small. By these facts, it may be 
concluded that IPA adsorption on any wafer surface from 
air exposure during transporting in these tests is negligi- 
ble, and that the wafer should not be exposed to air to 
avoid adsorption of moisture on the wafer surface. 
IV. CONCLUSIONS 
In order to estimate the cleanliness of wafer surfaces 
that are IPA vapor dried, the desorption of IPA and mois- 
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Fig. 16. Ion intensity changes of water 18 and 43 with time after exposing 
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Fig. 17. Changes of ion intensity of mass 43 with time after exposing ther- 
mally purified wafers to air for 5 min. 
ture from these wafer surfaces were successfully analyzed 
by highly sensitive atmospheric pressure ionization mass 
spectrometry (APIMS) . 
The sample wafers were heated in a flowing ultraclean 
carrier gas, and the carrier gas that included desorbed 
gases from the wafer surface was introduced into an AP- 
IMS analyzer. It has been confirmed experimentally that 
desorbed trace impurities from the wafer surfaces were 
quantitatively detectable to the level of 1 / 10 of a mono- 
molecular layer of adsorption with this experimental sys- 
tem. 
From these measurements, it was found that the amount 
of desorption increased linearly with temperature, and 
composition of the carrier gas changed rapidly just after 
heating up. APIMS analysis has been shown to have the 
ability to evaluate such rapid change with a high preci- 
sion. The desorption characteristics from silicon wafer 
surfaces after drying were examined in detail. As a result, 
it was found that the desorption behavior is influenced by 
the surface condition of the wafer, caused by the wet 
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chemical processing and drying methods. We have found 
some facts that are summarized below. 
1) Desorption characteristics of IPA from the wafers 
largely changed with surface conditions. The desorption 
amount of isopropanol (IPA) from a wafer having native 
oxide film is approximately twice as large as that from a 
bare silicon surface. 
2) The desorption amount of IPA from a native oxide 
film after IPA vapor drying increased proportionally with 
increasing wafer temperature. At 4OO0C, the total desorp- 
tion amount of IPA was estimated to be about 10 percent 
of a monomolecular layer of adsorption. 
3) The desorption amount of IPA from the surface 
cleaned with a H2S04-H202 solution was ten times larger 
than that cleaned with an RCA procedure. This indicates 
that qualities of a native oxide film differ with chemical 
cleaning procedures, and hence adsorption characteristics 
of IPA also vary corresponding to different quality native 
oxide films. 
4) The desorption characteristics of moisture from the 
wafer surfaces were similar to that of IPA. At 400°C, the 
total desorption amount of moisture was estimated to be 
about 21 percent of a monomolecular layer. 
5 )  When the wafers were exposed to clean room air for 
a short time, an immediate adsorption of moisture from 
air onto the wafer surface was observed. 
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